Background. There are concerns regarding potential longterm risks to the living kidney donor. Cardiovascular mortality has not been evaluated. The aim of this study was to assess overall and cardiovascular mortality in previous kidney donors compared with a general population sample. Methods. All live kidney donors in Norway in the period 1963-2007 were included. Controls matched 3:1 for age, gender and year of birth were provided by Statistics, Norway. Cause of death was retrieved from the death master file. Vital status as of 1 January 2010 was provided for all participants, and cause of death was available until 1 January 2008. Comparative survival analyses were performed by Kaplan-Meier curves and log-rank test. Age-stratified death rates were calculated and compared with a selected group with a health status hypothetically allowing donation.
Introduction
Live donor nephrectomy is a special procedure with healthy people voluntarily undergoing major surgery without any personal health benefit. Although previous studies show an acceptable quality of life after donation [1, 2] , this raises several ethical and medical concerns. The practice is based on the assumption that carefully selected donors, being offered qualified medical follow-up, are not exposed to future medical risks. However, data supporting this view is rather scarce and hampered with methodological problems.
As a potential consequence of reduced renal mass following donor nephrectomy, some studies have indicated a small increase in proteinuria [3] and a slight increase in blood pressure [4] . In the general population, such modest increases in proteinuria and blood pressure have been associated with an increased risk of premature cardiac death and all-cause mortality [5, 6] . However, life expectancy following kidney donation has been described as similar or superior to that of the general background population [7, 8] . Such studies do not take into account that kidney donors are extremely healthy and clearly supposed to have a substantially longer life with less medical complications than the general population. Therefore, a few studies have compared kidney donors with selected control groups with a health status qualifying to be a potential kidney donor [9, 10] . Data have been encouraging, but studies with longer follow-up and from different populations are needed to fully justify the live donor nephrectomy practice.
Our aim was to study long-term overall and cardiovascular mortality in kidney donors compared to a matched background population. Norway has run an extensive programme for live donor nephrectomy for >30 years and has adequate systems for follow-up. We also wanted to evaluate age-specific death rates in our donor population.
Methods
In Norway, all kidney transplantations are centralized to one centre. As previously described, workup of potential donors is performed by the local nephrology departments [11, 12] . Renal function has been evaluated with creatinine clearance but, in later years, we have used isotope measurements of glomerular filtration rate. Urine analysis included dipstick, microscopy and albumin-creatinine ratio. Blood pressure was based on two office measurements, using 24-h ambulatory blood pressure measurements in cases of doubt. Donors with isolated medical abnormalities have been evaluated according to international consensus, allowing in some cases donation from donors with uncomplicated hypertension treated with one antihypertensive medication, donors with isolated microalbuminuria, donors with low-normal renal function or obese donors [13] . Although donors are nowadays considered hypertensive with a blood pressure >140/ 90 mmHg, those who donated three and four decades ago were allowed to have higher blood pressures as this was considered normal. Donors are offered free lifelong follow-up, and the Norwegian health system is based on universal health care with reimbursements of all necessary costs. All kidney donors are registered in the Norwegian Living Donor registry, and baseline demographic data were collected from the registry as well as from patient files.
Using the unique personal identification numbers given to all Norwegians at birth (Section of Health Statistics at Statistics Norway), we were able to identify deaths and causes of death in all Norwegian kidney donors. In addition, Statistics Norway provided a control group from the general Norwegian background population. The control group was generated at random from previous Norwegian population censuses. Controls were matched 3:1 to donors for age at donation, year of birth and gender; consequently, these variables were similar for donors and their respective controls. Causes of death were described using the International Statistical Classification of Diseases and Related Health Problems (ICD) versions 8-10. We defined cardiovascular death as described by the block I00-I99 in ICD-10. Sudden death was not included as cardiovascular death. Death from kidney disease was defined as the diagnoses within the block N00-N19, N25-29 and I12.
Furthermore, to facilitate comparison with previously published material [14] , we calculated age-stratified death rates for those donating in the period 1980-2002.
Statistical analyses were performed using SPSS version 17. Mortality rates were described with Kaplan-Meier curves and significance was tested with the log-rank test. The study was approved by the regional ethics committee.
Results
From January 1963 to December 2007, a total of 2269 kidney donor nephrectomies were performed at our centre. Mean age at donation was 47.7 years and 41.3% were males. Further baseline data are displayed in Table 1 . Statistics Norway provided three controls with the same age, gender and year of birth for each kidney donor (6807 controls). The median observation time was 14.7 years. Vital status as of 1 January 2010 was provided for all participants, and cause of death was available until 1 January 2008. A total of 324 donors died within the study period, and cause of death was available for the first 274 (consecutive) of these. Figure 1 shows that, by Kaplan-Meier analysis, kidney donors had significantly lower mortality rates than the matched Norwegian background population sample (logrank test, P < 0.001). For example, after 20 years, 83.3% of donors were alive compared to 78.9% of controls. Table 2 shows causes of death in donors and controls. Cardiovascular disease was the most common cause of death, and Figure 2 displays cardiovascular mortality over time. Kidney donors had slightly lower cardiovascular mortality (log-rank test, P ¼ 0.004). As shown in Table 2 , the proportion of donors dying from other causes was also lower compared to the controls. Six previous kidney donors had kidney disease as the primary diagnosis on the death certificate (five chronic renal failure, one glomerulonephritis) and nine of the controls (six chronic renal failure, one glomerulonephritis and two hypertensive kidney disease).
A comparison of age-specific death rates between a subgroup (n ¼ 1594) of our donors and a previously published [14] sample of individuals who would hypothetically be eligible for kidney donation are shown in Table 3 .
Discussion
The main finding in this long-term follow-up study was that kidney donors had lower overall and cardiovascular mortality when compared to a matched background population. Two studies [7, 8] have indicated better survival in kidney donors, however, they were not able to test for statistical significance. Garg et al. [9] matched donors and controls using health administrative data and evaluated a composite end point of death and cardiovascular events also without detecting any differences. Segev et al. [10] compared donors with a selected healthy sample from NHANES 3, demonstrating superior donor survival. However, followup in these two studies was limited to~6 years.
Evaluating cardiovascular mortality among previous kidney donors is important not only in relation to donor safety but also whether decreased renal function per se increases cardiovascular morbidity and mortality [15] . A recent study by Prasad et al. [16, 17] did not demonstrate any increase in traditional cardiovascular risk factors shortly after donation, but this study may have been underpowered to detect true differences. The finding of lower cardiovascular mortality in kidney donors compared to the background population has to our knowledge not been reported previously. Garg et al. [9] did not find any statistically significant difference in the rate of major cardiovascular events or death between previous donors and controls, although the low number of events in each group and relatively short time of observation (6.2 years) may have decreased the possibilities of detecting a true difference. Furthermore, we demonstrated donors to have similar causes of death as the background population, with cardiovascular disease and cancer being the most common. This seems to be a universal finding in survival studies of previous kidney donors [7, 8, 18, 19] . Kidney disease as cause of death was slightly more frequent among kidney donors, though overall a rare outcome.
Lin et al. [14] demonstrated that applying donor health criteria to an unselected population yielded a group with a lower age-stratified death rate than the population it was selected from. In general, the age-stratified death rates for the selected sample from the study by Lin et al. were quite similar to those observed for previous Norwegian kidney donors. However, within the oldest age group (70-79 years), the death rate was markedly higher for previous Norwegian donors than for the selected group published by Lin et al. (44.32 AE 6.53 versus 27.83 AE 5.01 deaths per 1000 years). Though there were fewer individuals in this group, with fewer person-years of observation time in the analysis allowing for more uncertain estimates, this difference is troubling and requires further investigation. This is especially important in relation to accepting more and more kidney donation from older donors. Also, there were minor differences regarding body mass index (24.7 kg/m 2 for Norwegian donors versus 23.7 kg/m 2 for Lin et al.), male gender (41 versus 46%) and Caucasian race (100 versus 78%). Information on blood pressure and renal function was not available for the NHANES sample, but as these values were within the predetermined selection criteria [14] , they should be less likely to affect the results.
The current study has some limitations. Making comparisons with the background population may decrease the possibilities of detecting a true increase in mortality among kidney donors as these are healthier than the ageand gender-matched background population at the time of donation [14] . Such comparisons should preferably be done against a comparable control group satisfying the donation criteria at the start of follow-up. Further, we had no means of controlling for potential genetic components of kidney disease and/or cardiovascular risk, as many of our donors are first-degree relatives of a kidney transplant recipient.
The strengths of this study are a complete mortality data set with a long follow-up time since donation and available information on cause of death. However, there is a need for further long-term studies on mortality and cardiovascular outcomes in previous donors, preferably with control groups that satisfy the criteria for kidney donation at baseline. Also, the seemingly elevated death rate among the oldest donors requires further study.
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